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Philip A. Reed 
The gold rush is on! No, prospectors 
are not scrambling for the precious 
metal in northern California circa the 
1840s. The new rush involves the 
collection of biological materials, and 
the prospectors are biologists, 
chemists, and corporations. This area 
of biotechnology has been labeled 
bioprospecting, and it is a practice that 
is creating worldwide controversy. 
Defined simply, bioprospecting is 
"scientific research that looks for a 
useful application, process, or product 
in nature" (National Park Service, 
2004). However, as with most 
biotechnologies, the definition does 
not address the complexities of 
bioprospecting. The history, regu-
lations, and products associated with 
bioprospecting can help us understand 
these complexities. 
History of Bioprospecting 
Humans have always looked for plants 
and animals they could use to make 
life easier. However, they discovered 
that certain foods and beasts of 
burden could be used for more than 
basic subsistence. Archeologists are 
finding that some biotechnologies, 
such as the use of herbs for medicine 
and the use of fermentation and yeast 
in food products, date back 5,000 to 
10,000 years (De Miranda, 2004). 
Many of the historical uses of 
enzymes, proteins, and other 
biological materials have been 
understood by scientists, physicians, 
and nutritionists for quite some time, 
while others are still being discovered. 
For example, eating chicken soup to 
BIOPROSPECTING 
The product applications of bioprospecting are almost limitless. 
Figure 1: Thermus aquaticus, a bacterium found in Yellowstone National Park, produces an 
enzyme, polymerase, that is vital to polymerase chain reaction (PCR) DNA fingerprinting. PCR 
fingerprinting is widely used by criminal investigators, hospitals, and other researchers. 
suppress a cold has been advocated 
by caring mothers for generations, but 
it wasn't until 1993 that scientific 
evidence supported this claim 
(Discover, 1993). 
Genetic engineering and other 
scientific and technological advances 
are continually giving us a deeper 
understanding of the natural world. 
We are not only learning how chicken 
broth interacts with enzymes in the 
body, but we are also still discovering 
new organisms. Where do these 
organisms come from and who owns 
them? 
The National Park Service has faced 
these questions and responded with 
mixed results. In the 1960s a 
bacterium was found in the hot 
springs of Yellowstone that has been 
key in the production of one of the 
most important enzymes in molecular 
biology (Figure 1 ). The applications 
stemming from Thermus aquaticus 
(T aq) draw in hundreds of millions of 
dollars annually. 
Unfortunately, the National Park 
Service did not require a contract with 
the researcher who discovered T aq, 
so none of the application revenues 
are flowing back to Yellowstone. To 
get in on the gold rush, the National 
Parks Omnibus Management Act of 
1998 was created to help the National 
Park Service contract with 
bioprospectors. Specifically, the act 
allows for benefits-sharing agreements 
"between researchers, their 
institutions or companies, and the 
National Park Service that return 
benefits to the park when the results 
of cooperative research lead to the 
development of something that is 
commercially valuable" (National Park 
Service, 2004). 
Do not worry; benefits sharing does 
not open the parks for large-scale 
mining or other environmental 
damage. One of the key points of 
bioprospecting is that most samples 
fit in a vial and are microscopic. 
Benefits sharing is a way to keep our 
natural parks pristine while potentially 
providing funding for their upkeep. 
The obvious attraction to the national 
parks is the abundance of specimens; 
however, bioprospectors are also lured 
by extremophiles. Extremophiles are 
organisms that live in some of the 
harshest environments on earth. Taq, 
for example, was found in the hot 
springs of Yellowstone and thrives in 
temperatures up to 76.67° Celsius 
(170° Fahrenheit). Many of these 
hardy organisms are single-cell 
creatures that prosper in protected 
environments uch as very alkaline or 
acidic water, tar pits, magma, and 
even the cold of Antarctica. 
Extremophiles are typically classified 
according to the environment in which 
they live: 
• Thermophile: An organism having 
a growth temperature optimum of 
50°C ( 122° Fahrenheit) or higher. In 
the case of hyperthermophiles the 
optimum may be between 80°C and 
110°c ( 176°-230° Fahrenheit). 
• Halophile: An organism requiring at 
least 0.2 M (3-30%) salt for growth. 
• Psychrophile: An organism having 
a growth temperature optimum of 
15°C (59° Fahrenheit) or lower, 
(some can survive at -10°C [14° 
Fahrenheit]), and are unable to 
grow above 20°C (68° Fahrenheit). 
• Alkaliphile: An organism with 
optimal growth at pH values above 
10. 
• Acidophile: An organism with a pH 
optimum for growth at, or below, 
pH 2. 
• Piezophile: (previously termed 
barophile) An organism that lives 
optimally at high hydrostatic 
pressure (Maloney, 2004). 
These organisms obviously do not just 
reside in the United States. Global 
controversies over who has the right 
to biological materials are taking place 
in the United Nations and the world 
courts. To address this, many 
countries and organizations are 
involved in establishing new 
regulatory practices. 
Regulations 
Different cultures and regions of the 
world have created different regulatory 
methods for biotechnology. The United 
States and Canada have developed a 
product-based process of regulating 
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biotechnology. This approach places 
existing organizations, such as the 
U.S. Food and Drug Administration 
(USFDA) and the U.S. Patent & 
Trademark Office (USPTO), in charge 
of oversight (Figure 2). Certain 
exceptions are made for very 
controversial processes like the U.S. 
ban on human cloning. 
In the European Union, however, they 
primarily utilize a process-based 
approach for regulation. The European 
culture overwhelmingly resists 
biotechnology because they do not 
want to take unknown risks-
especially in the area of genetic 
engineering. Therefore, the European 
Union has· created strong regulations 
that restrict the most basic levels 
(processes) of biotechnology (Morris, 
1995). 
Ironically, the northern hemisphere 
has been the most proactive in 
regulating biotechnology, but it is the 
southern hemisphere that faces the 
greatest hreats of bioprospecting. The 
abundance of raw materials is inviting 
for bioprospectors, and the nature of 
third world and developing nations is 
inviting for biopirates. Biopiracy or 
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Figure 2: The U.S. Department of Agriculture, U.S. Environmental Protection Agency, 
and the Department of Health and Human Services, USFDA have teamed to create a 
database that assesses the risk of new genetically engineered crop plants 
(http://usbiotechreg.nbii.gov/database _pub.asp). 









































biocolonialism is used to describe 
the exploitation of these nations' 
resources for financial gain (Rifkin, 
1998). 
In any gold rush there are unscrupu-
lous characters. In California, Sam 
Brannan became extremely wealthy 
by running through the streets and 
yelling that he had found gold. 
Although he had a small sample in his 
hand, Brannan planned to make 
money from other prospectors, not 
panning. Brannan had purchased all of 
the shovels and other panning 
equipment in the area. Biopiracy is 
just as deceptive but is primarily 
attempted by large multi-national 
corporations-sometimes without a 
nation's consent. 
At the beginning of the bioprospecting 
rush, companies hurried to collect 
samples and applied for patents. 
Fortunately, courts and regulatory 
agencies have, for the most part, 
taken a tough line on biopiracy. The 
general consensus is that if a 
biological material has not been 
altered or used in a novel way (i.e. 
new industrial process), then it does 
not constitute intellectual property 
OP). Patent policy has been shaped by 
these rulings, and attempts to claim 
herbs and homeopathic remedies used 
for centuries by natives have been 
significantly slowed by this stance 
jGraham, 2002). 
Organizations have also stepped in to 
help third world and developing 
nations. The United Nations educates 
third world and developing nations in a 
number of ways. The United Nations 
University, Institute for Advanced 
Studies (UNU/IAS) regularly publishes 
reports and presents regional 
seminars to teach these nations how 
to manage their resources. Topics 
include overviews of the bio-
technology industry, safety, 
intellectual property, and methods 
for negotiating with bioprospectors. 
From Raw Materials to 
Finished Products 
By manipulating proteins, using 
enzymes, and altering genes-the 
basic building blocks of life-we can 
use natural materials in a variety of 
ways. To learn how these building 
blocks are used, it is helpful to 
organize them into groups. The four 
main categories of biotechnologies are 
agriculture, pharmaceutical, 
environmental, and industrial (Oe 
Miranda, 2004). 
Agricultural biotechnologies are 
arguably the oldest and most widely 
used. Rather than traditional methods 
of animal husbandry and seed 
selection, however, newer methods 
are more controlled. For example, 
Bacillus thuringiensis (Bt) is a 
bacterium that was initially 
prospected from flower moths and 
used as an insecticide. However, 
agriculture companies now engineer 
strains of Bt into crops such as corn, 
potatoes, cotton, and soybeans 
(Figure 3). These crops target a 
specific pest and are formulated so 
they do not damage other insects. One 
potential drawback, however, is that 
the prolonged exposure may 
eventually lead to insect resistance of 
the toxins. 
Pharmaceutical companies are 
investing heavily in bioprospecting. In 
one example, heavyweights Pfizer, 
Pharmacia, and Upjohn have all 
invested in a firm (lncytel that 
allegedly contains a database of nearly 
100,000 genes (Rifkin, 1998). When 
you consider that over half of the 
cancer drugs approved by the U.S. 
Food and Drug Administration are of 
natural origin or are modeled on 
natural products, you can see why the 
pharmaceutical companies are 
progressive bioprospectors. 
Surfactants (Surface active ,!!.gents) 
are a significant environmental 
bioprospecting achievement. 
Surfactants are wetting agents that 
help with the spreading of liquids. It 
you have ever read the label on your 
laundry detergent, you have probably 
seen surfactants as an ingredient. 
Surfactants are also used for the 
extraction of oil. Researchers have 
prospected microorganisms from 
wells and used them in various 
mixtures to obtain oil. These 
surfactant "cocktails" drastically 
increase output because most oil is 
Figure 3: Crops modified with Bt toxins offer protection against pests that target 
roots, foliage, or bore. Traditional pesticides are sprayed on and generally only 
protect crop foliage. 
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contained in small interconnected 
pockets rather than large open pools 
(Morris, 1995). 
Bioprospectors have found 
tremendous industrial applications, 
especially in the form of chemicals. 
Various fungi, bacteria, and other 
microbes are often used to create 
industrial chemicals. Several common 
chemical examples and their microbial 
sources include acetic acid 
(acetobacter), acetone (clostridium), 
and ethanol (saccharomyces) 
(Barnum, 1998). 
Summary 
Bioprospecting is a very old bio-
technology that involves some very 
new techniques. Genetic engineering 
and other processes allow biologists, 
chemists, and biotechnologists to 
collect microorganisms and change 
them in ways that previously were not 
possible. Organisms that thrive under 
adverse conditions, extremophiles, are 
highly sought after and have a wide 
range of applications. 
Early bioprospectors tried to exploit 
the nations of the southern 
hemisphere because they contain an 
Table 1: 
abundance of natural materials. World 
courts, regulatory agencies, and other 
organizations have helped shape 
policies and continue to work on 
equitable policies that allow benefit-
sharing of natural resources. 
The product applications of 
bioprospecting are almost limitless. 
Products and processes that stem 
from bioprospecting are already 
abundant in areas of agriculture, 
pharmaceutical, environmental, and 
industrial biotechnology. 
Extremophiles and their applications (Maloney, 2004). 
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Class Activity: Become A 
Savvy Bioconsumer 
Standards for Technological Literacy 
(ITEA, 2000/2002) explains the 
importance of bio-related technologies 
with regard to technological literacy. 
Unfortunately, the study of bio-
technology at the secondary level 
within the United States is almost 
non-existent (Sanders, 2001 ). Perhaps 
this is because areas such as modern 
bioprospecting are evolving at a rapid 
pace. Another reason might be the 
complex relationships that make up 
the field of biotechnology (i.e. 
interaction of agriculture, biology, 
chemistry, medicine, and engineering). 
The two following activities are 
designed to help teachers and 
students learn how bio-related 
technologies are used commercially. 
Product labels do not often list 
specific organisms because many 
times the ingredients are proprietary. 
Therefore, you must develop a 
different set of bioprospecting skills by 
using research to learn about these 
products and processes. Have fun 
digging! 
1. Review Table 1 and search for 
products that fit one or more of the 
descriptions in the applications 
column. Try to determine which 
extremophile(s) were used in the 
product or manufacturing process. 
For example, Shout® Gel is a 
laundry detergent hat uses 
enzymes to remove stains from 
clothing. This means it probably 
incorporates alkaliphiles, 
acidophiles, and/or thermophiles 
either directly in the product or the 
extremophiles were used during 
manufacture of the product. 
Learning about these organisms 
will not only help you with 
important hings like removing 
tough grass stains; it will greatly 
increase your technological literacy 
in the area of bio-related 
technologies! 
2. Visit the United States Regulatory 
Agencies Unified Biotechnology 
Web site that is highlighted in 
Figure 2. Search the database for 
genetically-modified crop plants. 
Brand names are typically not 
provided, but the database lists 
manufacturers and describes 
product traits. As you review this 
database and manufacturers' Web 
sites you will learn how 
bioprospectors alter biological 
material for use in products. For 
example, Monsanto's Roundup 
Ready® line of seeds makes the 
plants in that line more receptive to 
Roundup Ultra® herbicide. 
Monsanto has altered a gene to be 
"herbicide tolerant" rather than 
making the plant stronger via the 
traditional method of cross-
pollination. The benefits are 
stronger plants and greater yields, 
but a drawback is the continued 
dependence on herbicide. 
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